Summary Quality of life (QOL) encompasses a broad notion of health and is increasingly used to evaluate the effectiveness of health care services. The purpose of this cross-sectional study was to assess health-related quality of life (HR-QOL) in the community-dwelling elderly (mean age, 72.7 Ϯ 0.3 y; female 46.4%, n ϭ 179) in Japan and to explore diminished factors. We assessed HR-QOL by the 36-Item Short-Form Health Survey (SF-36), maximum walking speed, step counts, Tokyo Metropolitan Institute of Gerontology (TMIG) index, dietary intake and blood biochemistry. Two summary scores of the SF-36 were calculated (physical component score: PCS, mental component score: MCS). We divided participants into two groups based on the standard values of PCS and MCS classified by age (high and low group), which was further stratified into a high PCS and high MCS (BH) group and a low PCS and low MCS (BL) group. Mean maximum walking speed and daily step counts were 207.7 Ϯ 2.8 cm/s and 7,008 Ϯ 289. Eighty-one percent of the participants had full scores in the TMIG index. Daily intake of energy and protein were 2,081 Ϯ 33 kcal and 74.5 Ϯ 0.9 g. The maximum walking speed, TMIG index, alcohol consumption and chewing ability were significantly higher in the BH group than those in the BL group, but not dietary intake. Stepwise logistic regression analysis indicated that maintaining maximum walking speed might be associated with sustaining HR-QOL in the healthy elderly.
Japan possesses the fastest-growing elderly population in the world. According to statistics from the Japanese National Institute of Population and Social Security Research, 20.2% of the population were 65 y or older in 2005, with an estimated growth to 31.8% by 2030 ( 1 ) . In 2000, the World Health Organization (WHO) began to include a new indicator of life expectancy in its annual World Health Report called the Healthy Life Expectancy (HALE). This indicator includes an adjustment for time spent in poor health. According to statistics on end-of-life care by the Ministry of Health, Labor, and Welfare, people prefer to die in their homes (58.8%) ( 2 ) . Effective public health strategies will be required to mend the gap between life expectancy and HALE.
Quality of life (QOL) has been used by numerous researchers to encompass a broader notion of health and is increasingly used to evaluate the effect of health care services ( 3 ) . QOL includes both objective and subjective evaluations of life circumstances. Fallowfield proposed four core domains of QOL: psychological, social, occupational, and physical ( 4 ). The 36-Item Short-Form Health Survey (SF-36) is commonly used to assess health-related quality of life (HR-QOL) in patients with various diseases and to evaluate community health services; HR-QOL is a multidimensional construct of physical, psychological and functional wellbeing ( 5 , 6 ) . The International Quality of Life Assessment project was established to translate and adapt the SF-36 for estimate of HR-QOL in Japan ( 7 ) , and Japanese national norms were determined for different ages ( 8 ) .
Borglin et al. ( 9 ) reported that HR-QOL is signifi-cantly higher in men compared to women among the elderly. Brown et al. ( 10 ) reported that poor physical activity is associated poor HR-QOL. However, physical activity was assessed using a simple questionnaire which asked participants about their moderate or vigorous physical activity during a typical week ( 11 , 12 ) . Such subjective estimates have limited accuracy when assessing the volume and intensity of physical activity. This is particularly problematic in older adults, many of whom have memory difficulties or loss of cognition ( 13 ) . Recently, it was reported that low step counts were associated with poor HR-QOL ( 14 ) and maximum walking speed was highly predictive of subsequent disability in the elderly ( 15 ) . In other words, these observations suggested that there might be some relation between physical activity and HR-QOL. On the other hand, Akifusa et al. ( 16 ) suggested that 85-y-old participants with 20 teeth or more have better subjective physical health than those with 19 or fewer teeth. In addition, Keller et al. ( 17 ) suggested that weight reduction and malnutrition are associated with poor activity of daily living (ADL) measurements and life dissatisfaction in the elderly. However, only a few reports evaluate the impact of dietary intake on HR-QOL.
Accordingly, the aim of this study was to assess the HR-QOL among community dwelling healthy elderly, and to explore the diminished factors of HR-QOL. Therefore, we assessed HR-QOL by the SF-36, maximum walking speed, step counts, Tokyo Metropolitan Institute of Gerontology (TMIG) index, dietary intake and blood biochemistry among the community dwelling independently elderly.
MATERIALS AND METHODS

Study participants.
A total of 303 individuals aged 65 y or older residing in a mountainous area of Gunma Prefecture in Japan were recruited to participate in the study. Of these, 124 had incomplete data. Thus, the study involved a total of 179 participants. Participants were required to complete and submit a self-administered questionnaire, height and weight measurements, blood test, walking speed, and step counts. All participants lived at home and were independent in terms of personal and/or instrumental activities of daily living.
The ethics committee of the Tokyo Metropolitan Institute of Gerontology approved the study. We explained the purpose and confidentiality of the questionnaire, and obtained written informed consent from all participants.
Anthropometric measurements and blood tests. Anthropometric measurements and blood test results were obtained from the Nakanojo health check-up program conducted in July 2005. Body height and mass were measured with participants wearing light clothing and no shoes. Height was measured to the nearest 0.1 cm using a stadiometer (HM-20H; Uchida Co., Tokyo, Japan). Body mass was measured using an electronic scale (YK-150L; Yagami Inc., Nagoya, Japan), determined to the nearest 0.1 kg. Body mass index (BMI) was calculated by dividing body mass in kilograms by height in meters squared (kg/m 2 ). Venous blood samples were collected from an antecubital vein using a 21-gauge needle into vacuum tubes. All blood analyses were performed by Medical Laboratory Systems (Kanagawa, Japan). Serum levels of hemoglobin A1c (HbA1c), albumin (Alb), total-cholesterol (T-C), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and ␥ -glutamyl transpeptidase ( ␥ -GTP) were determined using a biochemical analyzer (AU640; Olympus Co., Tokyo, Japan). Red blood cell count (RBC), white blood cell count (WBC), hemoglobin (Hb), and hematocrit (Ht) were assayed in tubes containing EDTA-2K and measured on a Coulter Counter (Coulter HmX; Beckman Coulter Inc., Tokyo, Japan).
Abnormal values were based on clinical laboratory test result standard values ( 18 ) for adults (Alb Ͻ 3.8 g/ dL, T-C м 220 mg/dL, LDL-C м 140 mg/dL, HDL-C Ͻ 40 mg/dL, Hb Ͻ 13 g/dL in males, Hb Ͻ 12 g/dL in females,
Maximum walking speed. To assess walking speed, we asked each participant to walk at their maximum speed along an 11 m long straight walkway on a flat surface. Walking speed was measured twice over a 5 m distance between 3 and 8 m from the start of the walkway. We recorded the highest measurement as the maximum walking speed (calculated as distance (500 cm)/ time (s)). In addition, we divided participants into four subgroups based on their maximum walking speed (0: Ͻ 175 cm/s, n ϭ 29; 1: 175-200 cm/s, n ϭ 53; 2: 200-225 cm/s, n ϭ 41; 3: м 225 cm/s, n ϭ 57).
Step counts. Physical activity was measured by a pedometer using an acceleration sensor (KENZ Lifecorder; Suzuken Co., Nagoya, Japan) over a 1 mo period. Participants were instructed on how to use the instrument and were asked to wear it on their waist belt or hip all day, with the exception of bathing. This pedometer is one of the most commonly used and reliable methods to assess step counts and ambulatory activities ( 19 ) .
Any consecutive intervals with no recorded body movements indicated removal of the pedometer for activities such as bathing, showering, napping, or dressing. Data for these intervals lasting longer than 3 h were detected in less than 10% of the measurements and were excluded from the present analysis.
Step counts and intensity categories were totaled over each 24 h period, starting at midnight.
Self-administered questionnaires. Self-administered questionnaires included a semi-quantitative food frequency questionnaire (FFQ) ( 20 ) , SF-36 ( 5 , 21 ), and the TMIG Index ( 22 ) . Questionnaires were mailed to study participants prior to blood tests.
We estimated each participant's dietary intake using a FFQ specifically developed for the Japanese population ( 20 ) . Participants completed the FFQ 1-2 mo prior to serological evaluation, with trained dieticians and interviewers collecting data from the questionnaire. Step counts Nutrient intake was calculated using a computer program based on the Standard Tables of Food Composition in Japan (Fifth revised and enlarged edition).
Subjective well-being was estimated using the Japanese version of the SF-36. The 36-item scale provides a measure of eight health-related domains: physical functioning, physical role, bodily pain, general health perception, vitality, social functioning, emotional role, and mental health. Each is assigned a score on a scale from 0-100, with a lower score indicating poorer health status (21) . The validity and reliability of the SF-36 has been confirmed in multiple settings (7, 8) . We calculated two subtotal scores from the SF-36: the physical component score (PCS) and mental component score (MCS). Participants were then divided into two groups based on standardized values of PCS (60-69 y, 47.2; 70 y or older, 41.3) and MCS (60-69 y, 52.0; 70 y or older, 51.7) classified by age (high group and low group) (21) . In addition, subjects classified as high PCS and high MCS were renamed the BH group while those of low PCS and low MCS were renamed the BL group.
We used the TMIG Index of Competence to examine ADL (22) . This assessment consists of a 13-item index, which includes 3 subscales of competence: (1) instrumental self-maintenance, (2) intellectual activity, and (3) social role. The response to each item was scored as 'yes' (able to do, 1 point) or 'no' (unable to do, 0 points). The total score was the sum of the 13 items, with a higher score (maximum of 13 points) indicating a higher level of competence. The TMIG Index was developed to measure functional capacities beyond physical self-maintenance in community-dwelling elderly that could not be adequately assessed by previously existing scales (23).
The following lifestyle factors were measured: falls during the past year, independent living, hospitalization during the past year, person in charge of cooking breakfast, person in charge of cooking lunch, person in charge of cooking dinner, meals eaten out, utilization of nutrient supplements, number of teeth, mastication, smoking, and alcohol consumption.
Statistical analysis. All data are presented as meanϮstandard error (SE). Statistical analyses were performed using SPSS version 17.0 for Windows. For descriptive data, we analyzed differences in mean values between two groups by analysis of covariance (ANCOVA) adjusted for sex and age. p-values less than 0.05 were considered significant. We used stepwise logistic regression analysis for probing factors that influence HR-QOL. Table 1 shows subject demographics (mean age, 72.7Ϯ0.3 y; female, 46.4%) and summary scores from the SF-36.
RESULTS
Characteristics and dietary intake
Mean PCS was 54.9Ϯ0.6 in the high group and 37.3Ϯ0.7 in the low group. Mean MCS was 61.3Ϯ0.5 in the high group and 46.3Ϯ0.7 in the low group. Each of the scores for physical functioning, physical role, bodily pain, general health perception, vitality, social functioning, role-emotional, and mental health were significantly higher in the high group those in the low group, when stratified by either PCS or MCS.
The proportion of females (46.4%) was not significantly different between groups stratified by PCS and MCS. There were no significant differences between high and low group mean in BMI and step counts: , and mean step counts were 7,008Ϯ289 steps/d.
Mean maximum walking speeds were significantly faster in the high groups compared to the low groups. Mean maximum walking speed was 219.7Ϯ3.3 cm/s versus 183.5Ϯ3.9 cm/s in the high versus low PCS group and 212.9Ϯ3.2 cm/s versus 195.3Ϯ5.6 cm/s in the high versus low MCS group.
Mean TMIG index was 12.8Ϯ0.1 in the high PCS group and 12.6Ϯ0.1 in the low PCS group. In addition, mean TMIG index was 12.8Ϯ0.1 and 12.6Ϯ0.1 in the high and low MCS groups, respectively. One hundred forty-five participants (81.0%) had maximum TMIG index scores. Table 2 shows lifestyle factors, such as falls, living alone, hospitalization, person in charge of cooking, meals eaten out, utilization of supplements, number of teeth, mastication, smoking, and alcohol consumption. There were no significant differences in lifestyle factors except for alcohol consumption between groups stratified by PCS and MCS. Alcohol consumption was significantly higher in the high group compared to the low group stratified by either PCS or MCS, respectively.
Daily intake of energy, protein, fat, and carbohydrates was 2,081Ϯ33 kcal, 74.5Ϯ0.9 g, 60.7Ϯ0.9 g and 279.5Ϯ2.6 g, respectively (Table 3) . Intakes of carbohydrates and potatoes were significantly higher in the high PCS group compared to the low PCS group. Conversely, intakes of fat and confectioneries were significantly lower in the high PCS group compared to the low PCS group. There was no significant difference between the MCS groups in food and nutrient intake.
Abnormal levels of Hb, HbA1c, Alb, T-C, LDL-C, HDL-C, AST, ALT, and ␥-GTP were found in 22.9, 13.4, 2.8, 20.7, 11.2, 6.1, 7.3, 7.3, and 10.1% of participants, respectively. There was no significant difference in serum levels of Hb, HbA1c, Alb, T-C, LDL-C, HDL-C, AST, ALT, and ␥-GTP between the high versus low PCS group and high versus low MCS group, respectively (data not shown).
Comparison between BH group and BL group
Ninety-seven participants (54.2%) belonged to the BH group, and 27 participants (15.1%) belonged to the BL group. There was no significant difference in BMI, dietary intake or step counts between BH and BL groups (Table 4) . However, significantly more participants in the BL group fell during the past year, had difficulty chewing, or reported slow maximum walking speed, low TMIG index and high alcohol consumption compared to the BH group.
Logistic regression analysis demonstrated significance only between HR-QOL and maximum walking speed. In other words, higher maximum walking speed was associated with diminished risk of HR-QOL (Table  5) .
DISCUSSION
A significant relationship between HR-QOL and maximum walking speed was found by logistic regression analysis in community-dwelling elderly. This suggests that higher maximum walking speed is associated with decreasing lower HR-QOL.
In our present study, 81% of the participants had full scores in the TMIG index. Furthermore, we found no significant relationship between HR-QOL and step counts, dietary intake, blood biochemistry, or lifestyle factors. Intakes of food and nutrients, serum albumin levels, and step counts were much higher in this study compared to those reported previously with daily means of: energy, 1,901Ϯ539 kcal; protein, 72.0Ϯ 22.4 g; fat, 46.9Ϯ21.0 g; carbohydrate, 280.4Ϯ84.6 g; calcium, 594Ϯ274 mg; iron, 9.2Ϯ4.4 mg; vitamin D, 9.5Ϯ9.8 g; vitamin K, 302Ϯ205 g; vitamin C, 149 Ϯ136 mg; alb, 4.3Ϯ0.3 g/dL; and step counts, 6,478 steps/d (24) . In addition, abnormal serum albumin concentration (Ͻ3.8 g/dL) was found in only 2.8% of participants in this study. These observations suggested that participants in our present study had good ADL, health, and intake overall.
Maximum walking speed is sometimes referred to as ambulatory velocity. Many reports have suggested that ambulation velocity in the elderly has a beneficial effect against decreased ADL and mortality in non-disabled elderly (25, 26) and is closely related to muscle strength and physical balance (27) . These previous studies demonstrate that maximum walking speed, as a qualitative measure of physical activity, is an important factor for physical independence and retention of good health in the elderly. The maximum walking speeds observed in our study were faster than those from a previous study, at 2.02Ϯ0.39 m/s for males and 1.64Ϯ0.35 m/s for females (28) and were significantly associated with the diminished risk of HR-QOL. This observation strongly suggests that higher maximum walking speed may pre- This model excluded height, weight, TMIG index, alcohol consumption, falls during the past year, and mastication.
vent decreases in HR-QOL. In other words, faster ambulatory velocity may positively influence HR-QOL, as opposed to slower ambulatory velocity, which diminishes HR-QOL. Current health and welfare policy for the elderly is focused on quantitative physical activity and aims to increase step counts. Healthy Japan 21 (29) , a recently established health policy in Japan, focuses on number of step counts rather than walking speed as a core measure of physical activity. In the present study, however, we found no significant correlation between step counts and HR-QOL.
Previous studies have also reported that good ADL capacity is associated with high HR-QOL (10) . In the present study, we found that ADL capacity, as assessed by the TMIG index, is significantly associated with PCS and MCS and that the TMIG index was higher in the BH than the BL group. Sato et al. (30) showed that ADL was an important factor in providing life satisfaction to the independent elderly. In our present study, 81% of participants had full scores in the TMIG index. These observations in our present study strongly suggested that the elderly with good ADL capacity had better subjective physical health than those with poor ADL capacity.
Among the community-dwelling elderly, dietary variety is positively associated with a lower risk of ADL decline (31) as well as QOL decline (32, 33) . In this study, we did not assess dietary variety but participants had much higher daily intakes than those in National Health and Nutrition Survey (24) . Although participants ingested enough energy and nutrients, it is not clear whether or not participants had dietary variety. Future studies are needed to determine the association between HR-QOL and dietary variety in the healthy community-dwelling elderly.
Several methodological limitations may have affected the interpretation of our findings. First, a causal link between HR-QOL and maximum walking speed cannot be established using a cross-sectional study design. Second, the choice of study participants from a small Japanese town may pose a selection bias for our study.
Our results suggest that increased ambulatory velocity may maintain HR-QOL in the healthy elderly.
